WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

G01N 33/53, C12P 21/06, C12N 5/00, 
1/20, 15/00, C07K 1/00, A61K 38/00 



Al 



(11) International Publication Number: WO 96/41169 

(43) International Publication Date: 19 December 1996 (19.12.96) 



(21) International Application Number: PCT/US96/08895 

(22) International Filing Date: 5 June 1996 (05.06.96) 



(30) Priority Data: 
08/479,803 



7 June 1995 (07.06.95) 



US 



(71) Applicant: PHARMACEUTICAL PEPTIDES INCORPO- 

RATED [US/US]; One Hampshire Street, Cambridge, MA 
02139-1572 (US). 

(72) Inventors: ISRAEL, David, L; 117 Anson Road, Concord, 

MA 01742 (US). MOLINEAUX, Christopher, J.; 69 Centre 
Street, Brookline, MA 02346 (US). 

(74) Agents: DECONTI, Giulio, A., Jr. et al.; Lahive & Cockfield, 
60 State Street, Boston, MA 02109 (US). 



(81) Designated States: AU, CA, JP, European patent (AT, BE, 
CH t DE t DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, 
PT, SE). 



Published 

With international search report. 



(54) Title: FUNCTIONAL BIOASSAY FOR G-PROTEIN COUPLED RECEPTOR AGONISTS AND ANTAGONISTS 



(57) Abstract 



Simple, rapid, high-throughput functional bioassays for identifying agents that act as either agonists or antagonists of G-protein 
coupled receptors (GPCRs) are disclosed. In the methods of the invention, a test composition is contacted with an indicator cell expressing 
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whose natural ligands are unknown. Methods of generating indicator cells expressing GPCRs, and isolated populations of such indicator 
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FUNCTIONAL BIOASSAY FOR G-PROTEIN COUPLED RECEPTOR 
AGONISTS AND ANTAGONISTS 

Background of the Invention 

5 Cellular responses to external stimuli are primarily mediated by receptor based 

systems. One of the most ubiquitous and sizable transmembrane receptor families, with 
members observed in organisms from bacteria to yeast to man, is the G-protein coupled 
receptor (GPCR) family. Receptors of this family associate with a membrane-bound G 
protein composed of a, P and y subunits. Following agonist binding to the receptor, a 

10 conformational change is transmitted to the G protein, which causes the a-subunit to 

exchange a bound GDP molecule for a GTP molecule and to dissociate from the py-subunits. 
The GTP-bound form of the a-subunit typically functions as an effector-modulating moiety, 
leading to the production of second messengers, such as cyclic AMP (e.g., by activation of 
adenylate cyclase), diacylglycerol or inositol phosphates. Greater than 20 different types of 

1 5 a-subunits are known in man, which associate with a smaller pool of p and y subunits. Thus, 
different G-protein coupled receptors may associate with G-proteins having different a, p 
and/or y subunits. For reviews on signal transduction by G-protein coupled receptors, see 
Gilman, A.G. (1987) Annu. Rev. Biochem. 56:615-649; Stryer, L. and Bourne, H.R. (1986) 
Annu. Rev. Cell Biol 2:391-419; and Birnbaumer, L. (1990) Annu. Rev. Pharmacol Toxicol 

20 30:675-705. 

Most GPCRs are members of the seven transmembrane segment (7 TMS) receptor 
family. This family is made up of at least several hundred distinct receptors and includes 
receptors that respond to signals ranging from environmental stimuli, such as photons, 
odorant molecules and sweet tasting sugars, to molecules involved in intercellular 

25 communication, such as biogenic amines, lipids, peptides and glycoproteins, including 

neurotransmitters, neuromodulators and hormones. Structurally, the receptors of the 7 TMS 
family are composed of an extracellular amino terminal domain, seven hydrophobic regions 
that span the cell membrane, six "loop" domains that connect the transmembrane segments (3 
intracellular and 3 extracellular) and, for many but not all members, an intracellular carboxy 

30 terminal domain. The transmembrane segments of 7 TMS family members exhibit 

considerable homology, whereas the connecting loops are less conserved, showing high 
homology only between closely related receptor subtypes. Two of the most extensively 
studied 7 TMS receptors are rhodopsin, which is expressed in the retinal rod cells and 
converts light energy into a neurochemical signal (see e.g., Nathans, J. (1987) Annu. Rev. 

35 Neurosci. 10: 163-194) and the P2-adrenergic receptor, which is expressed in most 

mammalian tissues and activates adenylate cyclase to produce cAMP (see e.g., Dixon, R.A.F. 
et al. (1986) Nature 321:75-79). Additionally, the conserved structure among 7 TMS 
receptors has allowed for the cloning of many novel genes encoding 7 TMS receptors whose 
natural Iigand and function are yet to be elucidated. These receptors have been referred to as 
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"orphan" receptors (see e.g., Mills, A. and Duggan, M.J. (1993) Trends in Pharmacological 
Scences 14:394-396). For reviews on 7 IMS receptors, see e.g., Dohlman, H.G. et al 0991) 
Annu. Rev. Biochem. 60:653-688; and Lefkowitz, R.J. et al. (1993) Trends in Pharm 
Sciences 14:303-307. 

> Because of the involvement of G-protein coupled receptors in the regulation of many 

cntically important biological functions, disease conditions may be influenced or determined 
by the state of activation or blockade of a G- P rotein coupled receptor. Receptor mutations 
responsible for human diseases are being elucidated at an increasing rate and may be either 
loss-of-function mutations or activating mutations. Examples include mutation of the 
^rotropm receptor gene, leading to hyperfunctioning thyroid adenomas (see e.g. Parma J 
etal. ( 1993)^e365:649-651),mutationoftherhodopsin gene, leading to reLr 
Pigmentosa (see ^ Keen, T.J. et al. (1991) Genomics U A 99-205; and Robinson, P.R. et al. 
(1992) Neuror ,9:719-725), mutation of the luteinizing hormone receptor gene, leading to 
precocious puberty (see e.g., Shenker, A. et al. (1993) Nature 365:652-654) and mutation of 
fte adrenocorticotropin receptor gene, leading to familial glucocorticoid deficiency (see e g 
Clark, AJ.L.etal. (1993) Lancet 341:461-462). For a review ofme role of GPCRs in 
disease, see Coughlin, S.R. (1994) Curr. Op. Cell Biol. 6:191-197 

Numerous important drugs for the treatment of various disease conditions act by 
mfluencmg the activity of G-protein coupled receptors. Examples include agonist analogs of 
gonadotropin-releasing hormone, such as leuprolide, gonadorelin and nafarelin, which have 
been used to treat prostate and breast carcinomas, uterine leimyomatas, endometriosis 
7Iu^Tl Md ;™ >US ° Varian ^™drogenic syndrome (see e.g., Pace, J.N. 

propranolol, which has been used to treat hypertension, angina pectoris and psychiatric 
disorders (see e.g., Nace, G.S. and Wood, A.J. (1987) Clin. Pharmacokinet. 13-51-64- 
Ananth, J. and Lin, K.M. (1986) Neuropsychobiology 15:20-27), the pulmonary B2- ' 
adrenergic receptor agonist metaproterenol, which has been used as a bronchodilator (see e g 
Hurst, A. (1973)^, Allergy 31 :460-466) and the histamine 2 receptor antagonist 

wTotT^^^ S et 

25-609 ll) J ' ^ — 689 ' 693; Ch ° y » M " MiddIeton ' R.K. (1991) DICP 
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Summary of the tnvpntinn 

Given the important role of GPCRs in both normal cellular responses and aberrant 
disease processes assays that allow for the identification of agonists or antagonists of GPCRs 
are highly desu-able. This invention provides functional bioassays for identifying agonists or 
^gonists of a wide variety of GPCRs. The bioassays of the invention are Iple, rapid Id 
high-throughput Moreover, these screening methods enable mammalian GPCRs and in 
particular human GPCRs, to be assayed within a mammalian cellular environment 



WO 96/41169 



-3- 



PCT/US96/08895 



Compounds can be tested in these assays singly or, more preferably, in libraries of 
compounds. Thus, the assays allow for rapid screening of large panels of compounds. 
Furthermore, the assays of the invention can be applied both to known GPCRs and to 
"orphan" GPCRs for which a natural ligand is unknown. Thus, the methods of the invention 
5 are useful for identifying therapeutically useful agonists or antagonists of known GPCRs as 
well as for investigating the function of orphan GPCRs. 

In the methods of the invention, a population of indicator cells (e.g., mammalian 
cells) is contacted with a test composition containing one or more test compounds, at least 
one parameter of cellular metabolism of the indicator cells is measured and the test 
10 compound(s) is identified as a receptor agonist or antagonist. The indicator cells express the 
GPCR of interest, preferably by introduction into the cells of a nucleic acid molecule 
encoding the GPCR. The test composition can include one or several (e.g., a library) of test 
compounds. Additionally the test composition may include one or more known receptor 
agonists or antagonists. For example, a test compound can be identified as a receptor 
1 5 antagonist based upon its ability to alter the effects of a known receptor agonist on the 

indicator cells when the indicator cells are contacted with both the test compound and the 
known receptor agonist. Furthermore, the test composition can include one or more agents 
that alter the metabolism of a second messenger(s) in the indicator cells. 

Preferred GPCRs for use in the assays of the invention include luteinizing hormone 
20 releasing hormone receptor (LHRH-R; also referred to as gonadotropin releasing hormone 
receptor (GnRH)), Ml muscarinic receptor and p2-adrenergic receptor (P2-AR). In another 
embodiment, the GPCR couples to a Gq/1 1 G-protein (e.g., LHRH-R, acetylcholine, 
adenosine 1, a-adrenergic, angiotensin, bombesin, bradykinin, C5a, cholycystokinin, 
endothelin, glutamate, 5HT, histamine (HI subtype), neurotensin, neurokinin, oxytocin, 
25 thyrotropin releasing hormone, thyroid stimulating hormone, thromoboxane A2 and 

vasopressin). In another embodiment, the GPCR couples to a Gs G-protein (e.g., P2-AR, 
cardiac P-adrenergic, histamine (H2 subtype), thyrotropin, growth hormone releasing factor 
and adrenocorticotropic hormone). In yet another embodiment, the GPCR is a chimeric 
receptor composed of at least one ligand binding domain of a first seven transmembrane 
30 segment receptor and at least one signal transduction domain of a second seven 

transmembrane segment receptor such that the chimeric receptor couples to a Gq/1 1 G- 
protein in the indicator cells. In still another embodiment, the GPCR is an orphan receptor 
(i.e., the natural ligand for the G-protein coupled receptor is unknown). 

In one embodiment of the screening assay of the invention, the parameter of cellular 
35 metabolism that is measured in the indicator cells is viability or proliferation. For example, a 
test compound can be identified as a receptor agonist based upon its ability to decrease the 
viability and/or proliferation of the indicator cells when contacted with the indicator cells. 
Alternatively, a test compound can be identified as a receptor antagonist based upon its 
ability to increase the viability and/or proliferation of the indicator cells when contacted with 
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the indicator cells and a known receptor agonist. In this embodiment, the GPCR preferably 
coup e S to a G q /1 1 G-protein (e.g., LHRH-R) or is a chimeric GPCR composed ofT ^ 
transduction domain(s) that allows the chimeric GPCR to couple to a Gq/1 1 G-protein 

5 c,.. ■ In TO* emb ° diment ° fthS SCreenin g «-y * the invention, the parameter of 
cellular metabohsm that is measured in the indicator cells is cellular morphology For 
example, a test compound can be identified as a receptor agonist based upon its ability to 
al er the morphology of the indicator cells when contacted with the indicator cells 
Alternauvely, a test compound can be identified as a receptor antagonist based upon its 
ability to restore the mdicator cells to their original morphology when contacted with the 
10 indicator cells and a known receptor agonist. 

The invention further provides methods for preparing a cell that expresses a 
ecombmant G-protein coupled receptor on a membrane of the cell for use as an indicator cell 
n* screening assays. In this method, a nucleic acid molecule that encodes the receptor s 
mfroduced mto the cel, under culture conditions in which stimulation of the receptor ^ 
raptor agonists ts inhibited. A stable population of cells expressing a recombinant G- 
protem coupfcd receptor in a culture medium under culture conditions in which stimulation of 
the receptor ,y receptor agonists is inhibited is also within the scope of the invention 

Nucleic acid molecules encoding chimeric GPCRs and host cells expressing GPCRs 
are also provided by the invention. 8 

Brief Descriptio n of the Drawing 

Figure 1A-B are graphic representations of the reduction of MTT by CHO cells either 

receptor (LHRH-R) (panel B), in the presence of increasing concentrations of an LHRH-R 
agonist alone, increasing concentrations of an LHRH-R antagonist (antide) alone or for the 

1 nM, lOnMor 1 00 nM antagonist. 

Figure 2A-B are graphic representations of the reduction of MTT by CHO cells either 
unrated (p a„ c , A) or „ ^ M , 

P-ence —« concerns of an Ml muscarinic receptor agonist (carbachol) 
alone, tncreastng concentrator* of an Ml muscarinic receptor antagonist (pirenzepine) alone 
™.„ g concentrations of agonist together ™dt I uM (panel B onl^lO uM or ,00 £ 

Figure 3 is a graphic representations of the reduction of MTT by CHO cells 
transacted with the LHRH receptor in as assay in which a combinatorial peptide library was 

LHRH agonist D-His 6 -LHRH (at 1 nM). In two samp.es, a know. LHRH agonist or 
antagonist was '-spiked" into the sample to demonstrate that both agonists and antagonists can 
be identified using this assay. u»gwiu*is can 
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Figure 4 is a photograph of CHO cells showing the effect of the p2-adrenergic 
receptor agonist salbutamol on the morphology and alignment of CHO cells expressing the 
human p2-adrenergic receptor. 

Detailed Description of the Invention 

This invention provides methods for identifying G-protein coupled receptor (GPCR) 
agonists or antagonists, i.e., screening assays for agents that stimulate or inhibit the activity 
of a GPCR. The methods of the invention are functional bioassays. The methods are based, 
at least in part, on the discovery of detectable changes in cellular metabolism that occur in 
indicator cells expressing the GPCR when the indicator cells are contacted with a receptor 
agonist or antagonist. In various embodiments of the invention, these detectable changes in 
cellular metabolism include changes in cell viability, cell proliferation or cell morphology. 
For example, one embodiment of the method of the invention is based, at least in part, on the 
discovery that an indicator cell expressing a GPCR displays decreased cell viability and/or 
15 proliferation in the presence of a receptor agonist. Moreover, cell viability and/or 

proliferation in the presence of a receptor agonist can be restored by the additional presence 
of a receptor antagonist. Another embodiment of the method of the invention is based, at 
least in part, on the discovery that an indicator cell expressing a GPCR displays detectable 
changes in cell morphology in the presence of a receptor agonist and that these morphological 
20 changes are reversed in the presence of a receptor antagonist. 

The methods of the invention are simple, rapid and high-throughput assays that allow 
for the efficient screening of either individual compounds or libraries of compounds. 
Furthermore, these methods are widely applicable to different GPCRs and can even be used 
to identify ligands for "orphan" receptors of unknown function. Accordingly, the methods of 
25 the invention can be used both to investigate GPCR function and to identify compounds 
useful for manipulating or altering GPCR activity, e.g., for therapeutic purposes. In a 
preferred embodiment of the invention, mammalian cells are used as indicator cells in the 
screening assays, thereby allowing for identification of agonist or antagonists of mammalian 
GPCRs in the context of a mammalian cellular environment. 
30 Other aspects of the invention pertain to methods for preparing indicator cells useful 

in the screening assays of the invention and compositions, e.g., cells and vectors, used in the 
assays. The various aspects of the invention are described in further detail below. 

In one embodiment, the invention provides a method for identifying an agonist or 
35 antagonist of a G-protein coupled receptor comprising: 

a) contacting a population of indicator cells with a test composition 
containing at least one test compound, 

b) measuring at least one parameter of cellular metabolism of the indicator 

cells; and 
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c) identifying the at least one test compound of the test composition as an 
agonist or an antagonist of the G-protein coupled receptor. 

As used herein, the term "G-protein coupled receptor" (or "GPCR") refers to a 

' 7«7 T' W K Cn eXPreSSed ^ 3 CCl1 ' ^ 3 G - Protein a imposed 

of a, p and y subumts and which hydrolyzes OTP). Preferably, the GPCR is a "seven 

transmembrane segment receptor" (or -7 TMS receptor"), which refers to a protein that 

structurally comprises seven hydrophobic transmembrane spanning regions 

Examples of GPCRs suitable for use in the methods of the invention include the 
lute.mz.ng hormone releasing hormone (LHRH) (also known as gonadotropin releasing 
hormone, GnRH) receptor, the M 1 muscarinic receptor and the ^-adrenergic receptor Other 
preferred receptors mclude opioid receptors, endothelin receptors, angiotensin receptors 
neuropeptide Y receptors and serotonin K receptors. 

Additionally, groups of GPCRs have been classified according the G-protein to which 
couple (l .e., associate with) intracellularly. Accordingly, in one embodiment, the GPCR 
^te^^^^^.^^^ Q prote . n 

GPCRs that couple to a Gq/1 1 G-protein include the following receptors: LHRH (=GnRH) 
acety ichohne (ml, 3 and 5 subtypes), Ml muscarinic, adenosine 1 , a-adrenergic (alA, alB 
and a C subtypes), angiotensin (ATI A subtype), bombesin (BB1 and BB2 subtypes) 

Td EtbTbf 2 TT^' ^ Ch ° ,yCyStokinin < CCKa - d «*■> subtypes), endothelin (Eta 
and Etb subtypes), glutamate (mGlul, 5 subtypes), 5HT (2A, B and C subtypes), histamine 

SI ^rr enSin ' neUr0khlin (NK2 ' 3 SUbtyPCS) ' 0Xyt0dn ' ^in g 
subty^ StimUlating h0rm ° ne (TSH) ' thr ° m0b0Xane A 2 «* vasopressin 

In another embodiment, the GPCR used in the screening assay couples to (i e 
a_ with) a G s G- P rotei, Examples of GPCRs that couple to a G s G-protein include 
the followmg receptors: ^-adrenergic, cardiac P-adrenergic, histamine (H2 subtype) 
Ayrotropm, growth hormone releasing factor, adrenocorticotropic hormone (ACTH) ' 5 HT 4 
follicle stimulating hormone (FSH), thyroid stimulating hormone (TSH), GLP-1 g,uca gon 
don^ (D 5 ), dopamine, (D,), calcitonin, adenosine2 p (A2 p ), vasopressin vasoactiv'e 
intestinal polypeptide and parathyroid hormone. 

In another embodiment, the GPCR used in the screening assay couples to (i e 
^ s ^ )aGiG . piotein _ Exam P ,esofGPCRsmatcou P leto aGi G-proteinin'clude 
*e following receptors: 5HT (1 A, IB, ID and IF subtypes), m GlutamineR (2, 3 subtypes) 
dopamu^ (D4), dopamine-2 (D 2 ) cannabinoid, adenosines (A 3 ), somatostatin (4 3 
subtypes), u-opiod, 5-opiod, K-opiod, neuropeptide Y (1 , 2 subtypes) 

In yet another embodiment, the GPCR is what has been referred to in the art as an 

J^JTT ^ 7^ rCCePt0r " 3 ° PCR ** " StrUCtUrally Similar «> 0 -er GPCRs 
but for wh.ch the natural ligand is unknown prior to use of the orphan receptor in the 
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screening assay of the invention. In this latter embodiment, the screening assay can thus be 
used to identify test compounds as ligands of the orphan receptor. For example, naturally- 
occurring substances can be screened in the assay to investigate whether they are natural 
ligands for the orphan receptor. Accordingly, in addition to allowing for agonists and 
5 antagonists of known GPCRs to be identified, the bioassays of the invention also are useful 
for investigating the function of orphan GPCRs by identifying ligands for these receptors. 

As used herein, a receptor "antagonist" refers to an agent that inhibits the activity of a 
GPCR, whereas a receptor "agonist" refers to an agent that stimulates the activity of a GPCR. 
Inhibition or stimulation of receptor activity by an antagonist or agonist, respectively, may be 

1 0 partial or complete. 

As used herein, the term "population of indicator cells" refers to a multiplicity of cells 
that express at least one GPCR of interest (i.e., the GPCR for which a receptor agonist or 
antagonist is to be identified). An indicator cell "expresses" a GPCR when the GPCR is 
present on a membrane of the indicator cells. The indicator cells may naturally express the 

1 5 GPCR of interest (also referred to as "endogenous" expression) or, more preferably, the 

indicator cells express the GPCR of interest because a a nucleic acid molecule that encodes 
the receptor has been introduced into the indicator cells, thereby allowing for expression of 
the receptor on the membrane of the cells (also referred to as "exogenous" expression). 

Cells which endogenously express a GPCR are well known in the art and can be used 

20 in the screening assay of the invention. However, more preferably, an indicator cell for use in 
the assay is prepared by introducing into the cell a nucleic acid (e.g., DNA) encoding the 
GPCR of interest such that the GPCR is expressed on a membrane of the cell. Preferably, the 
indicator cell does not express the GPCR of interest prior to introducing the GPCR-encoding 
nucleic acid into the cell. The GPCR-encoding nucleic acid introduced into the cell is in a 

25 form suitable for expression of the receptor on a membrane of the cell, meaning that the 

nucleic acid contains all of the coding and regulatory sequences required for transcription and 
translation of the nucleic acid encoding the GPCR, which may include promoters, enhancers 
and polyadenylation signals, and sequences necessary for transport of the receptor to the 
surface of the cell, including N-terminal leader sequences. In a preferred embodiment, the 

30 nucleic acid introduced into the cells is a recombinant expression vector carrying a cDNA 

encoding the GPCR. In recombinant expression vectors, the regulatory functions responsible 
for transcription and/or translation of the cDNA are often provided by viral sequences. 
Examples of commonly used viral promoters and/or enhancers include those derived from 
polyoma, Adenovirus 2, cytomegalovirus and Simian Virus 40, and retroviral LTRs. Suitable 

35 expression vectors for expression of a GPCR in an indicator cell are well known in the art 
and many are commercially available. The recombinant expression vector can be, for 
example, a plasmid vector or a viral vector (e.g., a retroviral vector, an adenoviral vector or 
an adeno-associated viral vector). Expression of the GPCR on the surface of the indicator 
cell can be accomplished, for example, by including the native sequence of the GPCR in the 
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cDNA carried by the recombinant expression vector, and, preferably, by adding a 
heterologous signal sequence (i.e., from another protein) for the native GPCR sequence to 
change the intracellular processing pathway of the GPCR. It is known in the art that use of a 
heterologous leader sequence can improve the efficiency of expression of a protein in a host 
cell For example, the leader sequence from tissue plasminogen activator (tPA) can be added 
to the native sequence of a GPCR. 

In addition to introducing into the host cell a nucleic acid molecule encoding a GPCR 
additional nucleic acid molecules encoding other gene products may also be introduced if ' 
desued, to modulate the responsiveness of the host cells (e.g., to increase or decrease their 

10 senstivity to agonists or antagonists). For example, a nucleic acid molecule encoding a G- 
protem of interest (e.g., Gq/1 1, G s , G, etc.) can be cotransfected into the host cell such that 
the G-protein ,s expressed in the host cell (e.g., either to increase the amount of expressed G- 
protein ,n a host cell which endogenous^ expresses that same G-protein, or alternatively to 
allow for ^expression of a particular G-protein in a host cell which does not endogenous* 

15 express that particular G-protein). 

A nucleic acid encoding a GPCR (e.g., a recombinant expression vector) can be 
introduced into cells by a variety of well-known cell transection techniques useful for this 
purpose, including electroporation, calcium-phosphate precipitation, DEAE-dextran 
treatment, hpofection, microinjection and infection with viral vectors. Suitable methods for 

20 introducing nucleic acid into cells can be found in Sambrook et al. (MolecuW C.nnW a 
Laboratory Manual ?nd Fdition Cold Spring Harbor Laboratory press (1 989)) and other 
laboratory manuals, and kits for transfecting cells are commercially available. Cells may be 
transiently transfected or, more preferably, are stably transfected with the GPCR-encoding 
nucleic acid. Stable transfection can be accomplished by use of an autonomously replicating 

rrpr V6Ct ! r (e g " "* ePiS ° mal VeCt ° r) " ^ SelCCting ^ Cdls which integrated 
the GPCR-encoding nucleic acid into their genomes. Since typically only a small percentage 

of transfected cells integrate the introduced nucleic acid into their genome, it is advantageous 
to t^nsfect a nucleic acid encoding a selectable marker into the indicator cells along with the 
GPCR-encodmg nucleic acid. Preferred selectable markers include those which confer 
30 resistance to drugs such as G418, hygromycin and methotrexate. Selectable markers may be 
introduced on the same nucleic acid molecule (e.g., plasmid) encoding the GPCR or may be 
introduced on a separate nucleic acid molecule (e.g., plasmid). 

In a preferred embodiment, the indicator cells used in the methods of the invention are 
mammalian cells The ability to use mammalian cells in the screening assay of the invention 
may be particularly advantageous when the GPCR of interest is from humans or other 
mammals (e.g., GPCRs of therapeutic relevance) since the test compound(s) is assayed 
against the receptor within the context of a mammalian cell environment. This is in contrast 

M.E. et al. (1994) Proc. Soc. * P . Biol Med 206:35-44) or pigment cells from amphibians or 
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reptiles (e.g., PCT Application No. WO 92/01810; and Lerner, M.R. (1994) Trends in 
Neuroscience 17:142-146). Non-limiting examples of suitable mammalian cell lines that can 
be used to prepare indicator cells for use in the methods of the invention include Chinese 
Hamster Ovary (CHO) cells, COS cells, 3T3 cells, HeLa cells and 293 cells. The most 
5 preferred cells for use in the methods of the invention are CHO cells. Other similarly suitable 
cells will be apparent to those skilled in the art. Mammalian cell lines from which indicator 
cells can be prepared are available from the American Type Culture Collection, Rockville, 
MD. 

As used herein, the term "test composition 1 * is intended to encompass material that 
10 includes at least one "test compound", which refers to a compound to be assayed to determine 
whether it is a receptor agonist or antagonist. A test composition may contain a single test 
compound or multiple test compounds. For example, the test composition can include a 
library of test compounds, e.g., a combinatorial library of peptides. A library of test 
compounds can be screened in pools, and the pools that test positive for a receptor agonist or 

15 antagonist can be subdivided and rescreened. This process then can be repeated as necessary 
until a single positive test compound is identified from the library. 

Optionally, the test composition can include additional substances. Additional 
substances that can be included in the test composition include known receptor agonists and 
known receptor antagonists. For example, a known receptor agonist can be included in the 

20 test composition to elicit a metabolic response from the indicator cells and a test compound 
can be identified as a receptor antagonist based upon its ability to reverse or inhibit the 
metabolic response elicited by the receptor agonist. Similarly, a known receptor antagonist 
can be included in the test composition to elicit a metabolic response from the indicator cells 
and a test compound can be identified as a receptor agonist based upon its ability to reverse 

25 or inhibit the metabolic response elicited by the receptor antagonist. Other substances that 
can be included in the test composition include agents that alter the metabolism of second 
messengers in the indicator cells. Examples of such agents include phorbol esters (e.g., 
phorbol myristate acetate), calcium ionophores (e.g., A23187), phosphodiesterase inhibitors 
(e.g., isobutyl-methylxanthine) and staurosporine. Such agents can be included in the test 

30 composition to alter (e.g., increase or decrease) the sensitivity of the indicator cells to the test 
compound(s) and/or a known receptor agonist or antagonist. 

As used herein, the term "parameter of cellular metabolism" is intended to include 
detectable indicators of cellular responses that are regulated, at least in part, by a GPCR 
expressed by the indicator cell. Examples of parameters of cellular metabolism that can be 

35 measured or determined in the assays of the invention include cellular viability, cellular 

proliferation and cellular morphology (explained in further detail below). A test compound is 
identified as a receptor agonist or antagonist based upon its causing a change in at least one 
parameter of cellular metabolism of the indicator cells when the test compound is contacted 
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with the indicator cells, as compared to the cellular metabolism of the indicator cells in the 
absence of the test compound. 

In one embodiment of the invention, an agonist or antagonist of a GPCR is identified 

cells. Accordmgly, m one embodiment, the invention provides a method for identifying an 
agonist or an antagonist of a G-protein coupled receptor, comprising: 

a) contacting a population of indicator cells with a test composition 
containing at least one test compound; 

b) measuring viability or proliferation of the indicator cells- and 

c) identifying the at least one test compound as an agonist or an antagonist of 
the G-protein coupled receptor. 'wgorustoi 

As described in further detail in Examples 2 and 3, GPCR-expressing indicator cells 
of the invents exhibit decreased cell viability and/or proliferation when coLted ^1 
receptor agonist. Moreover, this decreased cell viability and/or proliferation of the indicator 
« Is can be counteracted, or reversed, by further contact of the indicator cells with a receptor 
antagonist. Therefore, a test compound can be identified as an agonist of a GPCR based upon 
no decrease the viability -d/or proliferation of a population of indicator cel^^^^^ 
onfccedwith the ,el.s, as compared to the vi^.*.,^^^^^ 
in the absence of the test compound. 

In another embodiment, the test composition comprises a test compound(s) and at 
least one known receptor agonist or antagonist. For example, a test compound can be 
identified as an antagonist of a GPCR based upon its ability to increase the viability and/or 
proliferation of a population of indicator cells when contacted with the cells in the presence 
of a receptor agonist, as compared to the viability and/or proliferation of the indicator cells in 
thepresenceofthereceptoragonistalone. Accordingly, in another embodiment the 

rmpriir vides a method for identifying m ama8onist ° f a G " protein coup ™ receptor - 

a) contacting a population of indicator cells with a test composition 
containing at least one test compound and at least one known receptor agonist- 

b) measuring viability or proliferation of the indicator cells- and 

coupled recepto! ,dentifyiDg ^ * ^ " " "» ° f 



35 



WO 96/41169 



- 11 - 



PCT/US96/08895 



specifically toxic to the cells would be selected in addition to compounds that act specifically 
as receptor antagonists. 

The viability or proliferation of the indicator cells can be measured by one of several 
suitable techniques well known in the art. For example, cell viability can be determined by 
5 cell counts (e.g., with a haemocytometer) of cells, preferably treated with a dye such as 
trypan blue (which is excluded from viable cells) or by measuring an enzymatic activity in 
the indicator cells that correlates with cell viability, such as reduction of a tetrazolium salt 
(e.g., 3,(4,4-dimethylthia2ol-2-yl)2,5-diphenyl-tetrazolium bromide [MTT]), which can be 
detected spectrophotometrically (see Examples 2 and 3). Additionally, cell viability can be 

10 determined using such indicator dyes as propidium iodide, acridine orange and Hoechst 

33342. Cell proliferation can also be determined, for example, by tritiated thymidine uptake. 
For mammalian cells, measurement of cell viability or proliferation of the indicator cells is 
typically performed at about 2 to 7 days after contact with the test composition. 

A preferred GPCR for use in this assay system is LHRH-R. As demonstrated in 

1 5 Example 2, when an LHRH-R-expressing Chinese Hamster Ovary (CHO) cell is contacted 
with a known LHRH-R agonist, the reduction of MTT by the cells (as an indicator of cell 
viability) is decreased. Moreover, when the LHRH-R-expressing CHO cells are contacted 
with both the receptor agonist and a known receptor antagonist, the decreased viability of the 
cells induced by the agonist is reversed. A test compound(s) can similarly be screened 

20 against such cells and the viability and/or proliferation of the cells measured to identify the 
test compound(s) as a receptor agonist or antagonist. Known LHRH-R agonists or 
antagonists, which can be included in the test composition (e.g., a known agonist may be 
included in the test composition to identify test compounds as receptor antagonists) are 
commercially available (e.g., from Sigma Chemical Co., St. Louis, MO). Preferred LHRH-R 

25 agonists include LHRH analogues such as [D-His 6 ]-LHRH, whereas a preferred LHRH-R 
antagonist is antide. 

Another preferred GPCR for use in this assay system is the Ml muscarinic receptor. 
As demonstrated in Example 3, when an Ml muscarinic receptor-expressing CHO cell is 
contacted with a known Ml muscarinic receptor agonist, the reduction of MTT by the cells 

30 (as an indicator of cell viability) is decreased. Moreover, when the Ml muscarinic receptor- 
expressing CHO cells are contacted with both the receptor agonist and a known receptor 
antagonist, the decreased viability of the cells induced by the agonist is reversed. A test 
compound(s) can similarly be screening against such cells and the viability and/or 
proliferation of the cells measured to identify the test compound(s) as a receptor agonist or 

35 antagonist. Known Ml muscarinic receptor agonists or antagonists, which can be included in 
the test composition (e.g., a known agonist may be included in the test composition to 
identify test compounds as receptor antagonists) are commercially available (e.g., from 
Sigma Chemical Co., St. Louis, MO). A preferred Ml muscarinic receptor agonist is 
carbachol, whereas a preferred Ml muscarinic receptor antagonist is pirenzepine. 
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In a preferred embodiment, when viability or proliferation of the indicator cells is 
used as the metabolic parameter based upon which a test compound is identified as a receptor 
agonist or antagonist, the GPCR expressed by the indicator cells couples to a Gq/1 1 G- 
protem. In addition to the LHRH receptor described above, other examples of GPCRs that 
5 couple to a Gq/1 1 G-protein include the following receptors: Ml muscarinic, acetylcholine 
ml 3 and 5 subtypes), adenosine 1, a-adrenergic (al A, alB and alC subtypes), angiotensin 
(ATI A subtype), bombesin (BB1 and BB2 subtypes), bradykinin (B2 subtype) C5a, 
cholycystokinin (CCKa and CCKb subtypes), endothelin (Eta and Etb subtypes"), glutamate 
(mGlul, 5 subtypes), 5HT (2A, B and C subtypes), histamine (H, subtype), neurotensin 
neurokinin (NK2, 3 subtypes), oxytocin, thyrotropin releasing hormone (TRH) TSH ' 
thromoboxane A2 and vasopressin (Via subtypes). 

CPCtt emb ° diment ' GPCR used in ^ ^tional bioassay is a chimeric 

GPCR. The clumenc receptor comprises at least one li gand binding domain of a first seven 

transmemb -ne segment (7 TMS) receptor and at least one signal transduction domain of a 
15 second seven transmembrane segment (7 TMS) receptor. In a preferred embodiment the 
signal transduction domain of the second seven transmembrane segment (7TMS) is selected 
such that the chimeric receptor couples to a Gq/1 1 G-protein in the indicator cells In other 
embodiments the signal transduction domain of the second seven transmembrane segment 
(7TMS) is selected such that the chimeric receptor couples to another type of G-protein, e g 
G s or Gi, m the indicator cells. 

Regarding the structure of 7 TMS receptors, the transmembrane segments will be 
referred to herein as TMS I-VII (from N-terminus to C-terminus), the three intracellular 
oops w. 11 be referred to as IC 1 (linking TMS I and TMS II), IC 2 (linking TMS III and TMS 

25 EC W? t ^f,™ 8 V "* "* *"* CXtraCdlular l0 °P S Wi » te to as 

vm ™ S EC 2 (Hnking ™ S IV " nd V > - d EC 3 Clinking VI and 

VII). The ligand binding domain" of a 7 TMS receptor refers to the portion(s) of the 

receptor that is necessary for recognition of a ligand by the receptor, whereas the "signal 

transduction domain" of a 7 TMS receptor refers to the portions) of the receptor that is 

30 7; s SSary /° r r Si8nal * ^ -eptor and in particular for coupling of the receptor 

30 to a specific G-protein (e.g., Gq/1 1). P 

The construction and expression of certain chimeric 7 TMS receptors, composed of 
portions of one 7 TMS receptor fused to portions of a second 7 TMS receptor, have been 
described m the art. For example, chimeras have been constructed between a2- and B2 

35 n e dt/ e H ePt ° rS (See e 8 -' B K Ct ^ (,988) SciSnCe 2^310-13,6; >• between 

al- and P2-adrenerg,c receptors (see e.g., Cotecchia, S. et al. (1990) Proc. Natl Acad Sci 

a ^rltT* b6tWeen ^ M2 - mUS ™ (-e e.g., Kubo, T. et al. 

(1988) FEES Letters 241:1 19-125). These studies have demonstrated that distinct structural 
de erminams of a 7 TMS receptor contribute to the ligand binding properties of the receptor 
or to the G-protein coupling properties of the receptor. In particular, determinants involved 
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in G-protein recognition have been mapped to intracellular loop 3 (IC 3), which connects 
TMS V and TMS VI. Accordingly, in one embodiment, the "at least one signal transduction 
domain of a second 7 TMS receptor" of the chimeric receptor comprises at least intracellular 
loop 3 (IC 3) of a 7 TMS receptor that couples to a G-protein of interest, e.g., a Gq/1 1, G s or 
5 Gj G-protein. 

Preferably, IC 3 from an LHRH receptor (which couples to Gq/1 1) is used. More 
preferably, IC 3 from the human LHRH receptor is used. The nucleotide and amino acid 
sequences of mouse and human LHRH-R are disclosed in PCT Publication No. WO 
94/00590 by S.C. Sealfon. According to the amino acid sequence of human LHRH-R 

10 disclosed therein, IC 3 corresponds to about amino acid residues 234 to 268. Therefore, to 
construct a chimeric GPCR comprising IC 3 of human LHRH-R, a nucleotide sequence 
encoding amino acid residues 234 to 268 of human LHRH-R is exchanged for the nucleotide 
sequence encoding IC 3 of another 7 TMS receptor using standard recombinant DNA 
techniques (such as the polymerase chain reaction, restriction endonuclease digestion, DNA 

1 5 ligation and the like). For example, to construct a p2-adrenergic receptor (p2-AR)/LHRH-R 
chimeric receptor, the region of the p2-AR cDNA encoding IC 3 is deleted and replaced with 
a nucleotide sequence encoding IC 3 of LHRH-R. This chimeric cDNA can be cloned into a 
recombinant expression vector and introduced into host cells by standard techniques, as 
described above, to create indicator cells expressing the chimeric receptor for use in the 

20 bioassays of the invention. 

In addition to IC 3, the chimeric receptor may contain additional portions of the 
second 7 TMS receptor involved in signal transduction, such as IC 1 and/or IC 2. For 
example, when the second 7 TMS receptor of the chimera is human LHRH-R, amino acid 
residues 62-76 (corresponding to IC 1) and/or 140-156 (corresponding to IC 2) of human 

25 LHRH-R can be exchanged for the equivalent IC 1 and/or IC 2 domains of the first 7 TMS 
receptor of the chimera. Moreover, a carboxy terminal region may be deleted or added to the 
chimera. For example, when the first 7 TMS receptor of the chimera (which contributes the 
ligand binding domain(s)) normally incudes a carboxy terminal region and the second 7 TMS 
receptor of the chimera (which contributes the signal transduction domain(s)) is LHRH-R, the 

30 carboxy terminal region of the first 7 TMS receptor may be deleted or omitted from the 
chimera since the LHRH receptor normally lacks a carboxy terminal region. 

In another embodiment of the invention, an agonist or antagonist of a GPCR is 
identified based upon its ability to alter the cellular morphology of a population of indicator 
35 cells. Accordingly, the invention provides a method for identifying an agonist or an 
antagonist of a G-protein coupled receptor, comprising: 

a) contacting a population of indicator cells with a test composition 
containing at least one test compound; 

b) determining the morphology of the indicator cells; and 
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the r ♦ • ^ ^ 3t ,SaSt ^ COmP ° Und 38 a * onist or «» antagonist of 

the G-protem coupled receptor. 

5 changes m cellular morphology when contacted with a receptor agonist. For example 

md.cator cells such as CHO cells expressing GPCRs that couple to a G q /1 1 G-protL'(e. g ., 
LHRH-R) become more rounded and detach from the culture dish when contacted with a 
receptor agonist. Additionally, indicator cells expressing GPCRs that couple to a G« G- 

10 I P2 - adrenergk reCept ° r) beC ° me more ^led and elongated when contacted 

10 -ceptor Moreover, such changes in cellular morphology can be counteracted 

-reversed, by further ^^f^o^^^J^^^ 

e compound - be .dentified as an agonist of a GPCR based upon its ability to alter th^ 
cellular morphology of indicator cells, as compared to the cellular morphology in the absence 
of the test compound, when the cells are contacted with the test compound 

In another embodiment of this bioassay, the test composition includes a test 
compounds) and at least one known receptor agonist or antagonist. For example a test 
compound can be identified as an antagonist of a GPCR based upon its ability in the 
presence of a receptor agonist, to return the indicator cells to their original morphology when 
culturedmtheabsenceoftheagonis, Accordingly, in another embodiment, Z invention 
20 P^desamethodfor^^ 

a) contactmg a population of indicator cells with a test composition 
contammg at least one test compound and at least one known receptor agonist; 

b) determining the cellular morphology of the indicator cells- and 

25 coupledreceptr^ 

a cel, Ceir ^ T T m0iPh0, ° 8y " ^ « Bn "^ * the of 

a cell. Cellular morphology of indicator cells can be determined by standard light 

mtcroscopy. Moreover, digital imaging of the cells can be performed to quantitate 

parameters of cellular morphology, such as cell surface area. For mammalian cells 

w^TTr ^ m0iPh ° ,08y " Perf0imed at ab ° Ut 24 1 ° 72 ^r contact 

with the test composition. 

GPCRs as previously described herein can be used in this bioassay wherein receptor 
agomsts or antagonists are identified based upon their effects on the morphology of the 
UKhcator cells. For example, in various embodiments, the GPCR can couple to a Gq/1 1 G- 
protem or a G s protein, the GPCR can be a chimeric receptor or the GPCR can be an 
orphan" recentor 



Another aspect of the invention pertains to methods fo, preparing ce ll s ,ha, express 
recombinant GPCRs. These cells are suitable for use as indicator cells in the bioassays of the 
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invention. The methods of the invention for preparing GPCR-expressing cells are based, at 
least in part, on the discovery that stimulation of a recombinant GPCR expressed on a host 
cell with a receptor agonist can lead to decreased cell viability and/or decreased cell 
proliferation. Accordingly, for improved generation of GPCR-expressing cells, stimulation 
5 of the GPCR by receptor agonists is inhibited or avoided. Thus, the invention provides an 
improved method for preparing a cell that expresses a recombinant G-protein coupled 
receptor on a membrane of the cell comprising introducing into the cell a nucleic acid 
molecule that encodes the receptor such that the receptor is expressed on a membrane of the 
cell, under culture conditions in which stimulation of the receptor by receptor agonists is 
10 inhibited. 

As used herein, the term "recombinant G-protein coupled receptor" refers to a GPCR 
that is encoded by an exogenous nucleic acid molecule introduced into a host cell (e.g., the 
GPCR is encoded by a recombinant expression vector that is transfected into the host cell). 
Preferably, the host cell lacks endogenous expression of the GPCR. The recombinant GPCR 

1 5 may be derived from the same species as the host cell or from a different species than the host 
cell (e.g., a human recombinant GPCR can be expressed on a non-human host cell, such as a 
CHO, COS or 3T3 cell, etc.). 

In one embodiment of the method for generating a cell expressing a recombinant 
GPCR, the "culture conditions in which stimulation of the receptor by receptor agonists is 

20 inhibited" comprise culture of the cell in a medium that contains a receptor antagonist. 
Known receptor antagonists for many different GPCRs are commercially available. For 
example, for LHRH-R, the known receptor antagonist antide can be included in the medium 
or, for the Ml muscarinic receptor, the known receptor antagonist pirenzepine can be 
included in the medium. 

25 In another embodiment of the method for generating a cell expressing a recombinant 

GPCR, the "culture conditions in which stimulation of the receptor by receptor agonists is 
inhibited" comprise culture of the cell in a medium that lacks receptor agonists. Media that 
lack receptor agonists may be prepared, for example, using serum from which receptor 
agonists have been removed, e.g., by dialysis. For example, dialyzed fetal bovine serum can 

30 be used as the source of growth factors for the cells. 

In the method of the invention for preparing a GPCR-expressing cell, the cell can be 
maintained under the culture conditions in which stimulation of the receptor by receptor 
agonists is inhibited until stable expression of the receptor on a membrane of the cell is 
achieved. Accordingly, the invention further provides methods for preparing stable 

35 populations of cells expressing recombinant GPCRs. As used herein, a "stable" cell 

population refers to cells whose expression of a recombinant GPCR remains essentially 
unchanged over time in culture (e.g., due to integration of the GPCR-encoding nucleic acid 
into the genome of the cell). Preferably, expression of the GPCR by the cell is stable for at 
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least one month, more preferably six months, even more preferably one year and most 
preferably, indefinitely. 

Another aspect of the invention, therefore, pertains to stable populations of cells 
expressmg recombinant GPCRs. The invention provides improved Ce „ populations that can 

In one embodiment 

these cells comprise a stable population of cells expressing a recombinant G-protein coupled ' 
recep or m a culture medium under culture conditions in which stimulation oL r^lv 
recep or agonists is inhibited. The "culture conditions in which stimulation of the rece^V 

rnrcnr 8omst r cu ^ medi ^ Aat,acks ^ 

m which the serum therein has been dialyzed), as described above. 

chimeJoPCr" T* °T i " Venti0n Pert3inS 10 " UCleiC —Potions encoding 
chtmenc GPCRs and host cells expressing chimeric GPCRs. For example, the invention 

£PCR). The chimeric GPCR comprises at least one ligand binding domain of a first seven 
tra^membrane segment receptor and at least one signal transduction domain of a second 
seven transmembrane segment receptor such that the chimeric GPCR couples to a Gq/1 1 G- 
protein when the chimeric GPCR is expressed in a host cell. Preferably, the second 7 TMS 

receptor The first 7 TMS receptor of the chimera preferably is a GPCR that normally does 
notcoupetoaGo/n G-protei, For example, the first 7 TMS receptor can be p2-adrenergic 
receptor(whichcou P le S toG s ). Nucleic acids encoding chimeric receptors can be prepared 

portion(s) of the second 7 TMS receptor for the nucleotide sequences encoding the 

7^?ZT°T ofthc f T 7 ™ s receptor (as described above) - For ^ * * 

preferred embodiment, portions of a cDNA encoding the first 7 TMS receptor are replaced 
with portions of the LHRH-R cDNA comprising the signal transduction dlain(s) 7f LhI- 
£ Thus, m one embodiment, the nucleic acid of the invention encodes a chimeric receptor 
-mprism, ^intracellular loop 3 of a GPCR that couples to Go/, 1 , preferably IC 3 ofLHRH- 
R. In another embodiment, the nuc.eic acid of the invention encodes a chimeric receptor 

1 , and 3 of LHRH-R). In yet another embodiment, the nuc.eic acid of the invention 

"1/7,7 / e 7T C ° mPriSin8 bltraCeUUlar ,0 ° PS 1 ' 2 md 3 ° f a GPCR *a« couples 
hmitr P y ^ Carb ° Xy — 1 domain of the 

chtm rcreceporisdeleted. Recombinant expression vectors comprising a nuc.eic acid 
molecule encoding a chimeric GPCR and host cells into which such a recombinant 
expression vector has been introduced are also encompassed by the invention. Such host 
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cells expressing a chimeric GPCR can be used as indicator cells in the bioassays of the 
invention. 

Another aspect of the invention pertains to a Chinese Hamster Ovary (CHO) cell that 
5 expresses a recombinant human luteinizing hormone releasing hormone receptor. Yet 
another aspect of the invention pertains to a Chinese Hamster Ovary cell that expresses a 
recombinant chimeric G-protein coupled receptor. The chimeric receptor comprises at least 
one ligand binding domain of a first seven transmembrane segment receptor and at least one 
signal transduction domain of a second seven transmembrane segment receptor, wherein the 
10 chimeric receptor couples to a Gq/1 1 G-protein in the cell. Preferably, the second 7 TMS 

receptor of the chimera is an LHRH receptor. More preferably, the second 7 TMS receptor of 
the chimera is a human LHRH receptor. The CHO cells of the invention also can be used as 
indicator cells in the bioassays of the invention. 

1 5 The methods of the invention for identifying agonists or antagonists of GPCRs are 

useful for identifying compounds that may be therapeutically useful in the treatment of 
disease conditions that involve aberrant activity of a GPCR. Many human diseases have been 
traced to a mutation in a GPCR (reviewed in Coughlin, S.R. (1994) Curr. Op. Cell Biol 
6:191-197). Moreover, many human diseases are currently treated with known agonists or 

20 antagonists of GPCRs. Examples include LHRH agonist such as leuprolide, gonadorelin and 
nafarelin, which have been used to treat prostate and breast carcinomas, uterine leimyomatas, 
endometriosis, precocious puberty and nontumorous ovarian hyperandrogenic syndrome, the 
cardiac P-adrenergic receptor antagonist propranolol, which has been used to treat 
hypertension, angina pectoris and psychiatric disorders, the pulmonary 32-adrenergic 

25 receptor agonist metaproterenol, which has been used as a bronchodilator and the histamine 2 
receptor antagonist cimetidine, which has been used to treat ulcers and idiopathic urticaria. 
Other examples of GPCRs and their potential clinical indications are as follows: 
acetylcholine (motion sickness); adenosine 1 (renal disease, sleep apnea; cognitive disorders); 
a-adrenergic (hypertension, benign prostatic hypertrophy, impotence); angiotensin (renal 

30 disease); bombesin (small cell lung cancer; smooth muscle contraction); bradykinin 

(inflammation); C5a (inflammation); choly-cystokinin (panic attack; analgesia); endothelin 
(hypertension, myocardial infarction, ulcers, asthma, renal failure); and glutamate (memory 
& learning). Additional and improved receptor agonists and antagonists can be identified 
using the screening assay of the invention. Moreover, iigands of orphan GPCRs of unknown 

35 function can be identified, thereby allowing for an increased understanding of the 

physiological role for these orphan GPCRs and perhaps the use of agonists or antagonists 
therefor as therapeutic targets. 
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This invention is further illustrated by the following examples which should not be 
construed as Inciting. The contents of all references, patents and published patent 
appl.cat.ons cited throughout this application are hereby incorporated by reference. 

1 EXAMPLEl: Construction of an Indicator Cell Expressing a Luteinizing 

Hormone Releasing Hormone Receptor 

To create an indicator cell that expresses a luteinizing hormone releasing hormone 
receptor (LHRH-R), suitable for use in the screening assays of the invention, a cDNA 
encodmg human LHRH-R was cloned into a recombinant expression vector, the vector was 
trans ected mto Chmese Hamster Ovary (CHO) cells and stably transfected clones were 
selected as follows. 

A cDNA encoding human LHRH-R protein of the amino acid sequence (the 
nucleot.de and amino acid sequences of which are disclosed in PCT Publication No 

btu^S^O h I teChni£ l Ues - In me vec *or, expression of LHRH-R was directed 

by *e SV40 enhancer and the adenovirus major late promoter. Additionally, the vector 
contamed a dmydofolate reductase (DHFR) gene as a selectable marker 

D.hydrofolate reductase-deficient CHO cells (DUKX Bl cells; available from the 
Amencan Type Culture Collection, Rockville, MD, Catalog No. ATCC CRL 9010) were 
transfected with the above-described LHRH-R expression vector by standard lipofection 
meAods (e.g., using the LipofectinTM reagentj commercially ^ from ^ 

T?TZt I T ° SdeCt StaWy Cl ° neS » ^ transfected ««" were maintained 

in a pha MEM med.a/10 % dialyzed fetal calf serum that contained increasing amounts of 
methotrexate. Stable clones were selected based on their acquired methotrexate resistance. 

1XAMPLE2: Assays for LHRH-R Antagonists and Agonists 

An LHRH-R-expressing CHO cell clone, as described in Example 1, was used in a 
b.oassay to .dent.fy LHRH-R antagonist or agonists as follows. The cells were plated into 
*e wells of a 96-well plate (2500 cells/well) and cultured in the presence of a known LH^H- 
R agomsl .alone ([D-His^-LHRH) (commercially available from Sigma Chemical Co., St 

^2^77^"^ 1 PiCOm ° ,arand "nanomolar, or in the presenceofa 
known LHRH-R antagonist alone (antide) (commercially available from Sigma Chemical 
Co., St. Loms, MO), at concentrations between 1 picomolar and 100 nanomolar, or in the 

As a control, LHRH-R-expressing CHO cells were cultured in the absence of any additional 
substances. As another control, untransfected CHO DUKX Bl cells were cultured with 
vanous concentrations of agor.st ([D-His^J-LHRH) alone or antagonist (antide) alone 
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After 5 days of culture, cell viability was assessed using the viability indicator 3,(4,4- 
dimethylthiazol-2-yl)2,5-diphenyl-tetrazolium bromide (MTT). (See Shearman, M.S. et al. 
(1994) Proc. Natl. Acad. Sci. USA 91 :1470-1474; Hansen, M.B. et al. (1989) J. Immun. 
Methods 119:203-210). MTT (commercially available from Sigma Chemical Co., St. Louis, 
MO) is a chromogenic substrate that in viable cells is enzymatically reduced from a yellow 
color to a blue color, which can be detected spectrophotometrically. To measure cell viability 
in the presence of the agonist and/or antagonist, MTT (at a final concentration of 1 mg/ml) 
was added to the cells for the final 2.75 hours of culture at 37 °C. Following incubation with 
MTT, the media was removed and the cells were lysed in isopropanol/0.4N HC1 with 
agitation. The absorbance of each well at 570 run was measured to quantitate viable cells. 
Alternatively, MTT was solubilized by addition of 50 % N,N-dimethyl formamide/20 % 
sodium dodecyl sulfate added directly to the media in the wells and viable cells were likewise 
quantitated by measuring absorbance at 570 nm. 

The results of a representative example of a bioassay using LHRH-R-expressing CHO 
1 5 cells are shown graphically in Figure IB, whereas the results with control untransfected CHO 
cells are shown graphically in Figure 1A. The data illustrated in Figure IB demonstrate that 
the viability of the LHRH-R-expressing CHO cells was not affected by the presence of 
increasing amounts of receptor antagonist alone, whereas cell viability was markedly reduced 
in the presence of increasing amounts of receptor agonist alone (indicated by reduced 
absorbance at 570 nm). Notably, this reduced cell viability in the presence of the receptor 
agonist was reversed when the receptor antagonist was present together with the receptor 
agonist. This effect was dose dependent, with higher concentrations of receptor antagonist 
leading to greater cell viability. In contrast, neither the agonist or the antagonist had any 
effect on the viability of untransfected CHO cells (Figure 1 A), demonstrating that this 
25 phenomenon is dependent upon the expression of LHRH-R on the CHO cells. 

The results described herein demonstrate that increased viability of the LHRH-R- 
expressing CHO cells in the presence of a receptor agonist and a second compound, as 
compared to viability of the cells in the presence of the agonist alone, indicates that the 
second compound is a receptor antagonist. Furthermore, the results demonstrate that 
decreased viability of the LHRH-R-expressing CHO cells in the presence of a receptor 
antagonist and a second compound or in the presence of the second compound alone, as 
compared to viability of the cells in the presence of the antagonist alone or in the absence of 
any compounds, indicates that the second compound is a receptor agonist. 

EXAMPLE 3 : Assays for Ml Muscarinic Receptor Antagonists and Agonists 

CHO cells transfected to express an Ml muscarinic receptor (e.g., Ml WT3 cells, 
available from the American Type Culture Collection, Rockville, MD, Catalog No. CRL 
1985) were used in a bioassay to identify antagonist or agonists of the Ml muscarinic 
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receptor essentially as described in Example 2. Briefly, the cells were plated into the wells of 
a 96-well plate (2500 cells/well) and cultured in the presence of a known Ml muscarinic 
receptor agonist alone (carbachol) (also known as carbamylcholine chloride, commercially 
available from Sigma Chemical Co., St. Louis, MO), at concentrations between 100 
. nanomolar and 10 millimolar, or in the presence of a known Ml muscarinic receptor 

antagonist alone (pirenzepine) (commercially available from Sigma Chemical Co. St Louis 
MO), at concentrations between 100 nanomolar and 1 millimolar, or in the presence of both ' 
the agomst and the antagonist at various combinations of concentrations. As a control Ml 
muscarinic receptor-expressing CHO cells were cultured in the absence of any additional 
substances. As another control, untransfected CHO DUKX Bl cells were cultured with 
vanous concentrations of agonist (carbachol) alone or antagonist (pirenzepine) alone 

After 5 days of culture, cell viability was measured using the viability indicator MTT 
as described m Example 2. The results of a representative example of a bioassay using the 
Ml muscarinic receptor-expressing CHO cells are shown graphically in Figure 2B, whereas 
theresultswtthcon^ 

•H 171 : bSerVCd ^ ** ™***~*™** cells described in Example 2, the data 
illustrated in F,gure 2B demonstrate that the viability of the Ml muscarinic receptor- 
expressing CHO cells was not affected by the presence of increasing amounts of receptor 
antagomst (pirenzepine) alone, whereas cell viability was markedly reduced in the presence 
of mcreasing amounts of receptor agonist (carbachol) alone (indicated by reduced absorbance 
at 570 nm). Notably, this reduced cell viability in the presence of the receptor agonist was 
reversed when the receptor antagonist was present together with the receptor agonist This 
effect was dose dependent, with higher concentrations of receptor antagonist leading to 
greater cell viability. In contrast, neither the agonist or the antagonist had little effect on the 
viability of untransfected CHO cells (Figure 2A), demonstrating that this phenomenon was 
dependent upon the expression of Ml muscarinic receptor on the CHO cells 

The results described herein demonstrate that increased viability of the Ml muscarinic 
receptor-expressing CHO cells in the presence of a receptor agonist and a second compound 
as compared to viability of the cells in the presence of the agonist alone, indicates that the ' 
second compound is a receptor antagonist. Furthermore, the results demonstrate that 
decreased viability of the Ml muscarinic receptor-expressing CHO cells in the presence of a 
receptor antagonist and a second compound or in the presence of the second compound alone 
as compared to viability of the cells in the presence of the antagonist alone or in the absence ' 
of any compounds, indicates that the second compound is a receptor agonist. 

EXAMPLE 4 ; Screening of a Library of Test Compounds 

with LH ^- R - eXpreSsin « cdI line > as described in Example 1, was incubated 

with a library of compounds to identify agonists or antagonists of the receptor. The library 
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was comprised of at least 100 different peptide compounds produced using combinatorial 
methods, divided into 10 sample pools of at least 10 compounds each. The final 
concentration of peptide was 1 .5 jliM in each well of the 96-well plate. Two of the samples 
were "spiked" with either the LHRH-R antagonist antide (in sample 6 at 1 .5 ^M) or the 
5 LHRH-R agonist D-His 6 -LHRH (in sample 4 at 1 .5 fiM). 

Cells were assayed in the "antagonist mode" (i.e., conditions which allow for 
identification of receptor antagonists) by coincubating test compounds in the presence of 
1 nM D-His 6 -LHRH, or in the "agonist mode" (i.e., conditions which allow the identification 
of receptor agonists) by incubating test compounds alone with no other additions to the cell 

10 culture. After 5 days of culture, cell viability was assessed as described in Example 2. The 
results, shown graphically in Figure 3, demonstrate that the assay system in the "agonist 
mode" readily identified the sample spiked with the known LHRH agonist (sample 4, with 
D-His 6 -LHRH), whereas the assay system in the "antagonist mode" readily identified the 
sample spiked with the known LHRH antagonist (sample 6, with antide). Furthermore, the 

1 5 presence of the pool of combinatorially-produced peptides did not interfere with the assay, 
indicating that complex mixtures of compounds can be screened using the system of the 
invention. 

EXAMPLE 5 : Description of Cell Morphology Changes 

20 

A human p2-adrenergic receptor-expressing cell line, prepared as described in 
Example 1, was incubated with either 1) 1 nM salbutamol (a known p2-adrenergic receptor 
agonist) or 2) 10 nM butoxamine (a known p2-adrenergic receptor antagonist) together with 
salbutamol, in complete growth medium. Several days later, cells were analyzed by 

25 photomicroscopy to determine the effect of treatment on cell morphology. A representative 
photograph of the results with cells treated with salbutamol alone is shown in Figure 4. 
Salbutamol induced both a change in cell shape (i.e., elongation of the cells) and an 
alignment of the cells with each other. Consequently, the total are of the culture surface 
covered by the cells was greatly reduced by exposing the cells to salbutamol. Cells exposed 

30 to both salbutamol and butoxamine were indistinguishable from control cells, demonstrating 
antagonism of this effect by the receptor antagonist. Assessment of the agonist or antagonist 
properties of individual compounds or libraries of compounds can be achieved by, for 
example, microscopic observation of the cells, or alternatively, by video digitizing techniques 
to quantify cell shape changes and/or cell alignment changes. Butoxamine alone produced no 

35 detectable change in cell shape or alignment, nor did salbutamol on untransfected CHO cells 
that did not express the recombinant p2-adrenergic receptor. 
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EOUIVAI.FNTS 

Those skilled in the art will recognize, or be able to ascertain using no more than 
routine expenmentation, many equivalents to the specific embodiments of the invention 
descnbed herein. Such equivalents are intended to be encompassed by the following claims 
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CLAIMS 



1 . A method for identifying an agonist or an antagonist of a G-protein coupled 
receptor, comprising; 

5 a) contacting a population of indicator cells with a test composition 

containing at least one test compound; 

b) measuring at least one parameter of cellular metabolism of the indicator 

cells; and 

c) identifying the at least one test compound as an agonist or an antagonist of 
1 0 the G-protein coupled receptor. 

2. The method of claim 1 , wherein the indicator cells are mammalian cells. 

3. The method of claim 2, wherein a nucleic acid molecule that encodes the 

1 5 receptor has been introduced into the indicator cells such that the receptor is expressed on a 
membrane of the cells. 



4. The method of claim 3, wherein the test composition comprises a library of 
test compounds. 

20 

5. The method of claim 3, wherein the test composition further comprises at least 
one known receptor agonist or at least one known receptor antagonist. 

6. The method of claim 3, wherein the test composition further comprises at least 
25 one agent that alters the metabolism of at least one second messenger in the indicator cells. 

7. The method of claim 3, wherein the natural ligand for the G-protein coupled 
receptor is unknown. 



8. A method for identifying an agonist or an antagonist of a G-protein coupled 
receptor, comprising: 

a) contacting a population of indicator cells with a test composition 
containing at least one test compound; 

b) measuring viability or proliferation of the indicator cells; and 

c) identifying the at least one test compound as an agonist or an antagonist of 
the G-protein coupled receptor. 



9. 



The method of claim 8, wherein the indicator cells are mammalian cells. 
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10. The method of claim 9, wherein a nucleic acid molecule that encodes the 

:rr: f r:r ced into *■ indicator ceiis such that the — * — - - 
5 G q /nG- Pr oteir emethodofciaimio ' w ^ 

12 The method of claim 1 1, wherein the G-protein coupled receptor is a 
^ lutemrzmg hormone releasing hormone receptor or an Ml muscarinic receptor. 

G s orG^proL"^ 

14. ^^odofclaimll.whereinmeG-proteincoupledreceptorisachimeric 
segment receptor and at least one signal transduction domain of a second seven 
transmembrane segment receptor such that the chimeric receptor couples to a Go/1 1 G- 
proteui in the indicator cells. 

testjpl nd " 

least onlt ^ meth ° d ° f daim 10 ' Wherdn ^ c ™P°s*™ ft-ther comprises at 
least one known receptor agonist or at least one known receptor antagonist. 

least onlk ^ * *** ** ** COm ^n further comprises at 

least one known receptor agonist to thereby identify a receptor antagonist. 

18. The method of claim 10, wherein the test composition further comprises at 
least one agent that alters the metabo.ism of at .east one second messenger in the Licator 



-ptorTsun^^ 

recepto'lp" 

a) c ontactingapopulationofindicatorcellswithatestcomposition 
containing at least one test compound; 
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b) determining the morphology of the indicator cells; and 

c) identifying the at least one test compound as an agonist or an antagonist of 
the G-protein coupled receptor. 

21 . The method of claim 20, wherein the indicator cells are mammalian cells. 

22. The method of claim 2 1 , wherein a nucleic acid molecule that encodes the 
receptor has been introduced into the indicator cells such that the receptor is expressed on a 
membrane of the cells. 

23. The method of claim 22, wherein the G-protein coupled receptor couples to a 
Gq/1 1 G-protein. 

24. The method of claim 23, wherein the G-protein coupled receptor is a 
1 5 luteinizing hormone releasing hormone receptor or an Ml muscarinic receptor. 

25. The method of claim 22, wherein the G-protein coupled receptor couples to a 
G s G-protein. 

20 26. The method of claim 25, wherein the G-protein coupled receptor is a 02- 

adrenergic receptor. 

27. The method of claim 22, wherein the G-protein coupled receptor couples to a 
Gj G-protein. 

25 

28. The method of claim 22, wherein the test composition comprises a library of 
test compounds. 

29. The method of claim 22, wherein the test composition further comprises at 
30 least one known receptor agonist or at least one known receptor antagonist. 

30. The method of claim 29, wherein the test composition further comprises at 
least one known receptor agonist to thereby identify a receptor antagonist. 

35 3 1 * Tb e method of claim 22, wherein the test composition further comprises at 

least one agent that alters the metabolism of at least one second messenger in the indicator 
cells. 
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recepJLnJl meth ° d0fCWm 

33. A method for preparing a cell that expresses a recombinant G-protein counled 
receptor on a membrane of the cell comprising introducing into the cell a nucLc a " d 

^ under culture -ditions m which stimulation of me receptor b y receptor ^ 



ce.l " A- meth ° d ° f daim ^ WhCrein ^ CUltUre Conditions include culture of the 
cell .n a med,um that contains a receptor antagonist. 

eel, • „- Th t meth ° d ° f Cl3im 33 > Whercin cu ^e conditions include culture of the 
cell m a medium that lacks receptor agonists. 

36 ^™ethodofclaim33,whereinthecellismaintainedundertheculture 
colons in which stimulation of the receptor by receptor agonists is inhibited un "ble 
express.on of the receptor on a membrane of the cell is achieved. 

37. A stable population of cells expressing a recombinant G- P rotein coupled 
recep or ,„ a culture medium under culture conditions in which stimulation of meTcllr by 
receptor agonists is inhibited. receptor by 

antagoni^ ^ ^ ^ ^ ^ «— "» * 

39. The cells of claim 37, wherein the culture medium lacks receptor agonists. 

40. The cells of claim 39, wherein serum in the culture medium has been dialyzed. 

41 A Chinese Hamster Ovary cell that expresses a recombinant human luteinizins 
hormone releasing hormone receptor. luteinizing 

42. A Chinese Hamster Ovary cell that expresses a recombinant chimeric G- 
protem coupled receptor, the chimeric receptor comprising at least one U e J^ omain 

aiTlG^ 
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FIG. 1A 
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